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C3 Cool Copper Collider



C3is a new linac normal conducting technology C. Vernier

Optimize each cavity for maximum efficiency and lower surface fields

- Relatively small iris such that RF fundamental does not propagate through irises.

* RF power coupled to each cell — no on-axis coupling - required modern super-computing
- Distributed power to each cavity from a common RF manifold
- Mechanical realization by modern CNC milling

First C3 structure at SLAC

RF Power
—

Beam
—

Electric field magnitude for equal power from RF manifold
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Why cool?
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Cahill, A. D., et al. PRAB 21.10 (2018): 102002.
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Cryogenic temperature elevates performance in gradient
Increased material strength for gradient
Increase electrical conductivity reduces pulsed heating in the material
- Operation at 77 K with liquid nitrogen is simple and practical
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Nasr, et al. PRAB 24.9 (2021): 093201.

C. Vernieri



3
C Accelerator Complex

8 km footprint for 250/550 GeV CoM = 70/120 MeV/m

e 7 km footprint at 155 MeV/m for 550 GeV CoM — present Fermilab site
Large portions of accelerator complex compatible between LC technologies

e Beam delivery / IP modified from ILC (1.5 km for 550 GeV CoM)

e Damping rings and injectors to be optimized with CLIC as baseline

3
C3 Parameters C3 - 8 km Footprint for 250/550 GeV

Collider C3 C3 -
CM Energy [GeV] 250 550 e |
Luminosity [x1034] 1.3 2.4 4 Main Linac f o1
Gradient [MeV /m] 70 120 \ 245 Gav |
Effective Gradient [MeV /m] 63 108 /_ Beam
Length [km)] 8 8 RTML _Delvery o, IPA _—
Num. Bunches per Train 133 75 —
Train Rep. Rate [Hz] 120 120 }C
Bunch Spacing [ns] 5.26 3.5 soim-----séjw
Bunch Charge [nC] 1 1 A I
Crossing Angle [rad] 0.014 0.014 Polarized Damping Ringf/
Site Power [MW] ~150 ~175 Electron Sour:::v S w-Damping Ring
Design Maturity pre-CDR | pre-CDR S .
SLAL Caterina Vernieri - LCWS - May 15, 2023 Positron Source 3;":3:;_? C Verni4éri
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C. Vernieri

3
{C Beam Format and Detector Design Requirements

ILC timing structure C3 timing structure

200 ms

Trains repeat at 120 Hz
969 us

366 ne beamless time R

n | ; Pulse Format N\
J\]—”—”—ffﬂ H[l /{/ ” ’I H‘/M RF envelope

2625 bunches 133 1 nC bunches spaced by 700 ns
= 1 train 30 RF periods (5.25 ns)

1 ms long bunch trains at 5 Hz
308ns spacing

ILC/C3 timing structure: Fraction of a percent duty cycle
e Power pulsing possible, significantly reduce heat load
o Factor of 100 power saving for FE analog power
e T[racking detectors don’t need active cooling
o  Significantly reduction for the material budget

C3 time structure is compatible with ILC-like detector overall design and ongoing optimizations.
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3
C Tunnel Layout for Main Linac 250/550 GeV CoM

First study looked at 9.5 m inner diameter in order to match ILC costing model

- Must minimize diameter to reduce cost and construction time
- Surface site (cut/cover) provides interesting alternative — concerns with length of site for future upgrade

Cryomodule Unit -9 m Usable Tunnel Width - 9.5 m
(630 MeV/1 GeV) (Same tunnel width as ILC)
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3
C Technical Timeline for 250/550 GeV CoM C. Vernier

Energy upgrade in parallel to operation with installation of additional RF power sources

2019-2024 I 2025-2034 I 2035-2044 | 2045-2054 | 2055-2064

Accelerator
Demo proposal
Demo test

CDR preparation
TDR preparation
Industrialization
TDR review
Construction
Commissioning

2 ab™1 @ 250 GeV
RFE Upgrade

4 ab—! @ 550 GeV
Multi-TeV Upg.

H N I O O

HL-LHC
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C. Vernieri

3
C The Complete C3 Demonstrator

='lnjt-:'ctor , ~50 m scale facility
3 GeV energy reach

\

] .~
st

Liquid

Liquid Nitrogen 5% niTrogen fank

Insertion and Nitrogen <y,
Gas Extraction ad O(7OOM$)

R&D needed to advance technology beyond CDR level

e Demonstrate fully engineered cryomodule
Demonstrate full liquid/gas cryogenic flow in main linac
Multi-Bunch: Induce and witness wakefields
Operational gradient with margin 155 MeV/m
Fully damped-detuned accelerating structure
Work with industry to develop C-band source unit
optimized for installation with main linac

Liquid
. Nitrogen
‘&4, Boiler

Spectrometer/ Dum
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HALRF



John Adams Institute . )
for Accelerator Science )

Facility length: ~3.3 km
Turn-around loops

Positron Damping rings (31 GeV e/drivers)
source (3 GeV) Driver source, |
Interaction point > RF linac (5 GeV) . GRFV"n?/% | Electron
(250 GeV c.0.m.) $3333333] Pl T IR source
(2222222222222 222222220222222222222222222222) (=
AR R RARRRRLRLII |
RF linac
- - Beam-delivery system Plasma-accelerator linac 5GeV e
Beam-delivery system Positron transfer line (500 GeV &) i ey : (5 GeV e)
with turn-around loop (31 GeV e*) (16 stages, ~32 GeV per slage)
51 Seve) Scale: 500 m
e_
e+
e+ BDS

- s . e- BDS

* Overall facility length ~ 3.3 km — which will fit on ~ any

of the major (or even ex-major) pp labs. (NB. There is
a service tunnel a la ILC (not shown))

B. Foster, LCWS, 5/23
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) Cost Estimate

John Adams Institute
for Accelerator Science

Positron Damping rings

source (3 GeV)

Interaction point

Facility length: ~3.3 km
Turn-around loops

(31 GeV e*/drivers)

Driver source, _
RF linac (5 GeV) RF linac Electron

(5-31 GeV e*/drivers)

@s0Geveom) { e —— S
: 55551 > > > e e
e e ‘eerinto oleln ot e R o =
*, > > = \\\\\
RF linac

Beam-delivery system
with turn-around loop
(31 GeV e¥)

Positron transfer line
(31 GeV eY)

Beam-delivery system
(500 GeV e)

Plasma-accelerator linac
(16 stages, ~32 GeV per stage)

(5GeV e)

Scale: 500 m

* Scale from existing costed projects wherever possible —
mostly ILC — very rough — not better than 25% accurate.

Subsystem Original | Comment Scaling | HALHF Fraction
cost factor cost
(MILCU) (MILCU)
Particle sources, damping rings 430 CLIC cost [69], halved for e™ damping rings only® 0.5 215 14%
RF linac with klystrons 548 CLIC cost, as RF power 1s similar 1 548 35%
PWFA lLinac 477 ILC cost [47], scaled by length and multiplied by 6° 0.1 48 3%
Transfer lines 477 ILC cost, scaled to the ~4.6 km required® 0.15 72 5%
Electron BDS 91 ILC cost, also at 500 GeV 1 91 6%
Positron BDS 91 ILC cost, scaled by length 0.25 23 1%
Beam dumps 67 ILC cost (similar beam power) + drive-beam dumps® 1 80 5%
Civil engineering 2,055 | ILC cost, scaled to the ~10 km of tunnel required 0.21 476 31%
Total 1'553 100%

& Swiss deflator from 2018 — 2012 is approximately 1. Conversion uses Jan 1st 2012 CHF to $ exchange rate of 0.978.
P Cost of PWFA linac similar to ILC standard instrumented beam lines plus short plasma cells & gas systems plus kickers /chicanes.

The factor 6 is a rough estimate of extra complexity involved.

matoc: thic nlhic twn tuurn_carnninde tho oloctran tranaenart

¢ The positron transfer line, which is the full length of the electron BDS, don
to the positron source plus small additional beam lines are costed.

d The HALHF length is scaled by v'E and the cost assumed to scale with this

B. Foster, LCWS, 5/23 ¢ Length of excavation and beam line taken from European XFEL dump.

Total project cost (US accounting): O(3 G$)
same as for EIC!

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023
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* HALHF benefits from maximal asymmetry.

* Even if e* acceleration not a problem, HALHF could still
be best way forward — but requires > a decade of significant R&D.

* Conventional design work needed: DR with high bunch charge;
heavily loaded linac; BDS...

* PWFA R&D: higher accelerated charge (x ~10),
higher repetition rate (x ~1000), Flasma-cell power dissipation

(x ~1000), beam jitter reduction (x ~10-100).

* BUT —if R&D successful, HALHF would be the first e*e” Higgs
Factory proposal that costs ~ same as a “national” project.

B. Foster, LCWS, 5/23 29
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ILC In Japan



2 years ago

Let's goback 2 Prelab was linked to approval of ILC

Message from MEXT (March 2021)
Message given by the MEXT Minister @ the Diet

- The ILC project needs to resolve its various challenges including its international cost

sharing and technical feasibility, as well as to obtain broad internal and external
cooperation not for its pre-laboratory but for the ILC project itself.

- Under the current situation that the perspective of broad internal and external
cooperation for the ILC project itself as well as its pre-laboratory is not promised, it is

difficult to obtain the people’s understanding in Japan for investing the pre-laboratory. It is
necessary to obtain the clear perspectives on financial contributions to the ILC project

itself from the US and European countries in prior considering the pre-laboratory.”

Three keys to move ILC forward given by MEXT/JG:
1. Technical feasibility

2. International cost sharing
3. Broad consensus

As shown in Tatsuya’s talk
We have to overcome the gap between Governments (Global vs International)

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023

S. Asai

16



Promotion scheme of ILC / relation of Stakeholder

Foreign
Governments

Japanese Government Diet Federation
For ILC

Cabinet office

M. Eco/Ind.

M. Foreign

$

Intergovern.
discussion

DOE, etc |
Expert panel

Five Party meeting

 Diet members

« MEXT (Government) New
2) International * Physicists
E))( ert ane? * Industrial sector (AAA) Schefne
P P - Candidate site (Thohoku)

G

International KEK
community ILC-Japan :
“ (S.Asai) (M.Yamauchi) nd ol
IDT(T community ndustria
(T. sector
Nakata)
_ Japanese
National Community
Lab.s : :
CERN ﬁ Candidate site .
S. Asai

1) ILC-Tech. Network :
for Work-package Strong supports are obtained

nternationa
DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023
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DESY. LCWE¢S

4. ILC Promotions in World-Wide with IDT

ILC-Technology Network to implement the most urgent work-packages in advance.

The budget in Japan in JFY2023 ~ 9.7 hundred Million Yen: Increases by Factor2
Shin Michizono-san has shown the detailed R&D plan in the morning session.

B The |ITN is a network of the accelerator laboratories:

KEK, CERN, US National Labs. and Asian Labs:-:
(It will be launched by agreements between KEK and a partner laboratory

which define the deliverables and obligations)

Purposes

» Make international cooperation tighter / dependable @ Govern. level
(See Tastuya’s IDT talk)
» Improve the reliability and completeness of ILC technology
» Potential for application of ILC Technologies S. Asai
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DESY. LCWS

/7. Timeline / Step-by-Step ILC promotion

his Timeline is considered,
Discussed in IDT/ICFA/Diet Federation.

not Government approved.

IDT view on the ILC project timeline

-success oriented and asuming no major incident-

Technology Network Construction Phase
Phase ~10 years for the construction and commissioning
2021 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
] st nd 3rd

1st stage Prepare [LCTN
International expert panel makes global script.

Condition

« Budgetis ready
« Various National Labs join ILCTN

S. Asai
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Condition

« FCC-ee FSfinal report

« recognize ILC as the most realistic, cost-friendly,

« Understand of Governme

carbon-friendly proj

ect
nts/Communities ILC is global project

« Better International situa

ion(Pandemic, global economy, tension)

Condition

e Cost sharing / responsibi

DESY. LCWbéUéO rMyrimyrits 1 nalsiell bucossel, £0.V0.2cVco

« Fix final cost including civil engineering

lities are agreed @ Governments |
S. Asai
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WP-Primes at ILC Technology Network "I,':
e+So

Damping Ring

o e e- Main Linac
Beam dump

Interaction point

‘ Physics Detecto

infermational development feam
Rl

—

e- Source

These WPs can be applied to various
advanced accelerators.
Welcome to join!

e+ Main Liinac

WPP 1 Cavity production
. _ SRF wep | 2 CM design
*Creating particles Sources o 1 2 e p——
*polarized elections / positrons wep | 4 E- source
*High quality beams Damping ring WeP | 6 Undulator target
. \ WPP 7 Undulator focusing
*Low emittance beams
e-, et WPP 8 E-driven target
*Small beam size (small beam spread) Sources WPP 9 E-driven focusing
*Parallel beam (small momentum spread) WPP 10 E-driven capture
*Acceleration Main linac AL Target replacement
: : WPP | 12 DR System desi
ssuperconducting radio frequency (SRF) i i
WPP 14 DR Injection/extraction
*Getting them collided Final focus Nano- wee | 15 Final focus
*nano-meter beams Beam WPP | 16 Final doublet
WPP 17 Main dump
*Go to Beam dumps
LCWS2023 (Shin MICHIZONO) S. Michizono 9
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CO2 Intensity of Electricity in the Future /I

Figure 6.14 = Average CO, intensity of electricity generation for selected ,’ b
regions by scenario, 2020-2050 intemafional deyelopment feam

What will the CO2 impact of electricity be for

the next generation of colliders? 800 s
. . . . . < European Union
- CO2 intensity of electricity will go down S 0

—_]apan

— Africa
Middle East

* Regenerative energies will rise
But

* Not enough — big gap between stated policies to
announced pledges, even blgger to net zero 2020 2030 2040 2050 2020 2030 2040 2050
-> we are not on a path to net zero!

—— China
e |ndia
= SOUtheast Asia

STEPS
APS

IEA. CCBY 4.0.

CO; intensity of electricity generation varies widely today, but all regions see a decline in
future years and many have declared net zero emissions ambitions by around 2050

* The energy transition will be a huge effort:
Figure 3.11 > Emissions reductions and key milestones in the industry sector in

¢ E n e rg y StO rag e the NZE Scenario relative to the STEPS, 2020-2050
* Energy transport (grid)
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IEA (2022 ), World Energy Outlook 2022, IEA, Paris

CC BY NC SA 4.0

2050

» Carbon intensity heavily site dependent
 Electricity will remain expensive

Gap between
Stated Policies
and Net Zero

Scenarios

Therefore
* Power consumption remains important
« Consensus needed which values to use

* How to treat site dependencies? |

. (AII prO.eCtS Would IOOk best in Norwa o 2020 2025 2030 2035 2040 2045 2050
B. List

stainability Studies
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 Example: For CERN / France in 2040 (summer)

assume (%)

* 50% nuclear power @ 5g CO2/kWh
* 50% regenerative @ 20g CO2/kWh
« ->12.5g CO2/kWh

* 1TWh -> 12.5ktons CO2
» ILC/CLIC: ~0.6TWh/a

Compare to accelerator:

 Tunnel: ~6.5 ktons / km
 Accelerator: 2.5 ktons / km

e Services etc: ?7?77?

Very roughly, for CLIC:
1km of main linac = 1 year of operation

(*) https://app.electricitymaps.com/zone/FR

based on https://unece.org/info/publications/pub/371403

B. List
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Carbon Intensity of Electricity and Accelerator: CLIC

Carbon intensity of electricity, 2000 to 2022

Carbon intensity is measured in grams of carbon dioxide-equivalents' emitted per kilowatt-hour of electricity.

500 gCO,e ’—_\N_\—'\/\

e ——— Japan

/\/ . - World
400 gCO.e 2021 '
®) Japan 479 gcoze { United States
® World 441 gC0.e
300 gCOze @ United States 379 gCOse
® France 67 gCO,e
200 gCO,e ® Switzerland 47 gCO,e
® Sweden 46 gCO,e
® Norway 26 gC0O.e
100 gCO,e
\_/./W —— W France
N e T~ M Switzerland
D — Sweden
Norway
0 gCOse ‘ _ ‘
2000 2005 2010 2015 2022
Source: Ember Climate (from various sources including the European Environment Agency and EIA) OurWorldInData.org/energy « CC BY

1. Carbon dioxide-equivalents (CO,eq): Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse gas
emissions, researchers express them in ‘carbon dioxide-equivalents' (CO,eq). This takes all greenhouse gases into account, not just CO,. To express all
greenhouse gases in carbon dioxide-equivalents (CO,eq), each one is weighted by its global warming potential (GWP) value. GWP measures the amount
of warming a gas creates compared to CO,. CO, is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of that gas would generate
ten times the warming effect as one kilogram of CO,. Carbon dioxide-equivalents are calculated for each gas by multiplying the mass of emissions of a
specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO,eq over 100 years, we’d multiply each
gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions — measured in CO,eq - are then calculated by summing each
gas’ CO,eq value.

Benno List

Al
1

intemafional development feam

https://ourworldindata.org/grapher/carbon-intensity-electricity CC-BY
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Electricity and heat
Transport

Manufacturing & Construction

GlOb al : Agri-cul.ture
GHG ugitive emissions

Buildings

Emis SiOnS Industry
(tC Oze) Land-use change and forestry

Waste
Aviation and shipping

Other fuel combustion
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ARUP

15.83 billion t

8.43 billion t

6.3 billion t -

5.79 billion t

3.4 billion t
3.07 billion t
3.06 billion t
1.64 billion t
1.63 billion t
1.31 billion t

601.9 million t

2 billion t 6 billion t 10 billion t 14 billion t

Our World 1n Data based on Climate Analysis Indicators Tool (CAIT) 2019 (Adapted)
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System boundaries

Before use stage Use stage

End of life stage |
[AQ-A5] [B1-B8]

[C1-C4]

C1 Deconstruction/

I

B1 Use |
Demolition |
I

AO Preliminary studies

B2 Maintenance
C2 Transport for

A1 Raw material supply Disposal

B3 Repair

C3 Waste Processing for

Materials A2 Transport
recovery

B4 Replacement

B5 Refurbishment

A3 Manufacture C4 Disposal

B6 Operational Energy I

A4 Transport to works Use :

Transport & ol !
1 I
construction B7 Operational Water I
activities Use -

A5 Construction process

B8 User utilisation of
infrastructure

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023

Benefits and
Loads beyond
the system

boundary
[D]

Reuse
Recycling

Benefits and
loads of
additional
infrastructure
functions

BS EN 17472:2022

ARUP

S. Evans
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Linear Collider Options

1. CLIC Drive Beam

5.6m internal dia. Geneva.
(380GeV, 1.5TeV, 3TeV)

Fire fighting water DN80

380 GeV Delay Drive beam (for 2.3km on e+

ARUP

S. Evans

2. CLIC Klystron 3.ILC

10m internal dia. Geneva. Arched 9.5m span. Japan.
(380GeV) (250GeV)

Drive beam

Low Power & Signal
Bl, Survey & Vacuum
Inner Telescope

Compressed air DN150 |

Acces Dump bridge B

Spreader (120mm) B

Drive beam
CV pipes - Sector B _—"
Main beam

Pre-alignment zone

Demineralized water DN40
Electronic racks + Shielding

Cable trays
5 |DC MB
1_|Gen. Services
1 |DC Corr.
1 _|DC DB
1_|AC Power
2 |DC TRIM (opt)

Separation joint
10mm compressible filler

CV pipe + Damping maternial - Segtor

Pipe

1N
—1—
/
o - D
o
IR
A 7T
'
R - WS I
|
(|8 {) f Main beam
L [
) ,I'
3 ( | "”
[ /
~
/
() //
/
A
[t )
O o\

CE Floor level +0mm -100mm
Safe passage (700mm)

Transport train

ipe + Damping matenal - Sector A
Drainage

Reference: CLIC Drive Beam tunnel cross section, 2018
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Extraction ducts I Extraction ducts
374 m? \ 374 m?
Fire fi water g
DNS80 Fire fighting walter
DN80
Compressed air
DN150

) 3150 Low Power & Signal
CV pipes g Bl, Survey & Vacuum
Racks p
Water pi N
100 I/second ] Main beam
ﬂ'\
/ @@1 ] =

- vll 5m
g \ '; 1 Klystron modulator tank A I-D

M g ( I.DI

4 1650
600 800 600 2000
F y
A
1100
aceess i /
AIR INTAKE RVICE COMPARTMENT
by INCLUDING AIR INTAKE
DUCTS
2200 1200

| 9.5m
4 |

Reference: CLIC Klystron tunnel cross section, 2018

Reference: Tohoku ILC Civil Engineering Plan, 2020
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CLIC & ILC

A1-A5 Global Warming Potential (tCO.e)

A1-A5 GWP (tCO,e)
350,000t

300,000t
250,000t

200,000t

tCO,e

150,000t

100,000t AN

50,000t

Ot

CLIC Drive Beam CLIC Klystron ILC 250GeV
380GeV 380GeV
B Tunnels W Shafts & Caverns
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ARUP

CLIC Drive Beam 380GeV
A1-A3 material breakdown (t)

(3%)14,490t
™ Concrete
M Steel
445,278t (97 %) S. Evans
A1-A3 GWP breakdown (tCO.e)
(18%) 17,517t
80,972t (82%)
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ILC 250GeV ARUP

Tunnels reduction opportunities

S. Evans
42% possible A1-A5 GWP reduction
A1-AS5 Tunnels GWP (tCO.e)
300,000t
250,000t 247.2841
-26%
200,000t
-63,961t
’ 0
2 -3%0
Q 150,000t I
O -32,884t -6.137t
100,000t
50,000t
Ot
2030 Construction baseline scenario CEMIII/A (50% GGBS) replacement Earthworks shielding wall 2030 projected electricity mix

(CEMI & 80% recycled steel)
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S. Evans ARUP
C LI C Drlve B camnm *Operational estimates provided by CERN.

Based on a projected electricity mix in

A1-A5 Global Warming Potential (tCOze) 2050 (50% nuclear, 50% renewables).
380GeV 1.5TeV 3TeV

Annual CO,e of operations 1s 6% Annual CO,e of operations 1s 12% Annual CO,e of operations 1s 17%
of embodied carbon of embodied carbon of embodied carbon

A1-A5 GWP is equivalent to 1.7 A1-AS5S GWP 1s equivalent to 0.8 A1-AS5 GWP i1s equivalent to 0.6
decades of running accelerator decades of running accelerator decades of running accelerator

185ktCO,e

315ktCO,e 467 43% 480ktCO,e 57%
54%

B A1-A5 Construction (tunnel: 11.47km) B A1-A5 Construction (tunnel: 17.56km) B A1-A5 Construction (tunnel: 21.08km)

[] Operation over 8 years [ ] Operation over 7/ years [] Operation over 8 years
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FUTURE
CIRCULAR
COLLIDER

PA31-3.2 Alignment L. Bromiley
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Civil Engineering Sub Surface
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Shafts
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SHOTCRETE
(SEE TABLE 1)
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(SEE TABLE 1)
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Shaft depths, 180m to 400m

18m elliptical V V

18m circular
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12m circular :
2 (SEE TABLE 1)
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Credit: Angel Navascues Cornago
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Klystron Galleries

PH 2000m
PL 1200m

H

Booster RF system
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Collider SRF system
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Study to estimate quantity and disposal of excavated material

L. Bromiley

Baseline TBM layout and direction of drives - t

Balance of material between France and Switzerland " \ | {3
96% molasse ‘ |
3% limestone

1% moraine

Total, 8,100,000 m3

Base. TBM A B D F G H J L Inj. Prevessin Inj. SPS Total
Vol. 569,119 559,922 1,288,361 153,735 1,378,880 291,486 1,300,330 583,564 28,867 82,197

Bulk Vol. 739,855 727,898 1,674,869 199,856 1,792,544 378,932 1,690,429 758,633 37,527 106,856

% of Total 9% 9% 21% 2% 22% 5% 21% 9% 0% 1%

Vol. France 534,959 42,143 1,204,564 153,735 1,378,880 291,486 1,300,330 201,784 28,867 39,638

% France 94% 8% 93% 100% 100% 100% 100% 35% 100% 48%

Vol. Suisse 34,160 517,772 83,797 - - - - 381,754 - 42,560

% Suisse 6% 92% 7% 0% 0% 0% 0% 65% 0% 52%
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& CEPC Project Timeline
» 2023: Accelerator TDR; 2026: EDR; Start construction upon approval

CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Technical Design Report (TDR) 1 5th FY 1 6th FY

Engineering Design Report (EDR)
R&D of a senes of key technologies
Prepare for mass production of devices though CIPC

Accelerator

Civil engineering, campus construction

Construction and installation of accelerator

New detector system design &
Technical Design Report (TDR)

Detector construction, installation &
joint commissioning with accelerator

Detector

Experiments operation

Further strengthen international cooperation in the
filed of Physics, detector and collider design

Sign formal agreements, establish at least two
international experiment collaborations, finalize

details of international contributions in accelarator

International
Cooperation

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023
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Workshop Statement



Workshop Statement - aimed at P5

We need a Higgs Factory

We need it soon
« and it should be linear

We need R&D funding

- for ILC, C3, CLIC, PWA technologies

We need a plan towards realisation
- |[LC@Japan could still be the fastest

» we are happy to investigate other
sites and technologies

The linear collider is the bridge to

higher energies

» beyond LHC-energy machines need

decades of R&D

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023

May 19, 2023

Statement on the Future of e"¢~ Higgs Factories
from LCWS 2023

Scientists from many countries and regions are now gathered at the International Work-
shop on Future Linear Colliders (LCWS 2023) at the SLAC National Accelerator Laboratory.
Together with colleagues from around the world, the linear collider community hereby issues
the following statement:

1. Particle physics needs a new accelerator to measure the properties of the
Higgs boson with high precision.

The Higgs boson is central to our understanding of the evolution of the Universe. It
plays a critical role in all of the interactions studied in particle physics, and in the mysteries
whose solution is central to progress in this field. Of all ways to search for physics beyond the
Standard Model, precision measurements on the Higgs boson access the widest variety of new
physics interactions. The “strong scientific importance” of precision Higgs measurements was
emphasized in the 2014 P5 report in the US. The need for an e™e™ Higgs factory as the next
collider was called for in the 2020 update of the European Strategy for Particle Physics and
in the Energy Frontier report from Snowmass 2021.

2. The particle physics community needs to realize the ete~ Higgs factory as
soon as possible.

Data-taking at a future e™e™ Higgs factory should follow the HL-LHC directly, requiring
construction start by 2030, in parallel with HL-LHC data-taking. This will ensure that
essential and unique expertise and human resources will remain available. A long delay will
dissipate these resources and endanger the future of our field.

We recommend that the ete™ Higgs factory should be based on a linear collider. There
are many advantages of the linear approach. Among these, linear colliders are able to access
energies of 500 GeV and beyond. This will allow measurements that must be included
in the search for new physics through precision, including measurement of the top quark
mass and electroweak couplings, the top quark Higgs coupling, and the cross section for
double Higgs production. Proposed linear collider Higgs factories are designed for greater
compactness, energy efficiency, and sustainability, with correspondingly lowered construction
and operation costs.

3. The realization of the Higgs factory requires immediate funding for both
accelerator and detector R&D.

Operation of an eTe™ Higgs factory on this timeline requires both accelerator and detector
R&D on the scale needed to produce engineering designs. There are new developments in the
ILC technology, leading to performance improvements and cost reductions. Further advances
in ILC technology, as well as alternative technologies such as C* and CLIC, promise lower
costs and/or extended energy reach for later stages of this program. These developments

need to be evaluated rigorously with dedicated R&D. Precision measurements of the Higgs
boson and other heavy particles are challenging. The requirements call for a dedicated
detector R&D program, bringing new ideas from the LHC and elsewhere to achieve the goal
of measurements of ultimate precision. The new ILC Technology Network is an important
first step toward this goal, but more is needed. The Higgs factory program needs to begin
Nnow.

4. The Higgs factory needs a definite plan for funding and construction.

We support the construction of the ILC in Japan as the most direct route to the Higgs
factory physics program. At the same time, we are investigating other possible sites and
technologies, for example, hosting by the US as suggested by the Snowmass Energy Frontier
report, or in Europe. Whatever the site, the ete™ Higgs factory will need to be constructed
as a global facility. We need to build the funding and governance agreements that will make
this possible.

5. The eTe~ Higgs factory is the bridge to our high-energy future.

For the future of particle physics, we look forward to exploring higher energies, with quark
and lepton collisions at 10 times the energies of the LHC. New technologies are proposed,
using pp, muon, and eTe~ colliders. All of these will require decades of R&D. Construction
and operation of a linear Higgs factory will contribute to this R&D, developing accelerator
science, keeping all of these options open, and providing challenges to train young scientists.
The new results will be relevant to all approaches for reaching higher energies and luminosi-
ties, and for applications beyond particle physics. Discoveries at a Higgs factory may point
to specific goals for higher energy machines. The Higgs factory will serve as a bridge from
the LHC to the future of high energy physics research.

6. We are committed to carrying out the precision Higgs measurements, which
we consider the leading path toward further progress in particle physics.

https://indico.slac.stanford.edu/event/7467/page/61-statement-to-p5
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My Conclusions

LCWS 2023 was an interesting and vibrant meeting
» Bringing the community together in person for the first time since Sendai 2019

» Steady progress in machine and detector R&D presented

Re-focusing to a broader scope of possible technologies and sites vitalised the scientific programme

- ILC in Japan is in an increasingly unclear situation
» Time lines for the realisation of any Higgs Factory are getting more uncertain
- New proposals like C3 and HALHF are fruitful ingredients for the discussions on the future of our field

PWA has best chances to become the next disruptive technology for HEP colliders

Sustainability has to be taken into account from the beginning
» Operation is only half of the account, construction needs to be folded in

The big ring proposals (FCC, CEPC) are ... big

The future is probably linear

DESY. LCWS2023 Highlights | Karsten Buesser, 26.05.2023
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